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Abstract: We have conducted researches on 
Aniiferoeleclric Liquid Cr\stal (AFLC) by particularly 
focusing on the pretransitional effect in the eleciric- 
field-induced AF-F phase transition of AFLC, and on 
the application of this phenomenon to the display 
device. We de^'eloped a TTT-LCD using a 
thresholdless AFLC (TLAFLC) based on the 
pretransitional effect of the AFLC. The TLAFLC 
de\ice shows V-shaped eloctro-optic characteristics 
\Aithoul hysteresis. Taking ad\antage of this 
characteristic, we established an idea to dri\e this 
de\'ice uith TFTs: this allows us to realize an image 
sticking free LCD. We accomplished a 5.5 inch 
diagonal 240X320X3 dots prototype display dexice 
which can display full-color moving pictures. High 
quality display \\^hose qualit>' was as high as a CRT 
display v^as achie\'ed by this protot>7)e LCD. This 
paper vdW explain LC materials, the device structure, 
the specifications of the prototype display, and its 
performance. 

INTRODUCTION 

A Surface Stabilized Ferroelectric Liquid 
CrA'Stal (SSFLC) device which has been manufactured 
and distributed recently [1]. does not have an enough 
capacit>- for the demanded full-color display. B\* way 
of comparison, an AFLC de\ ice whose gray scales are 
controlled by a multidomain method has problems 
such as high power consumption and degradation of 
contrast 12.3]. Dr. Schadt et al., introduced a display 
using a Deformed Helix Ferroelectric Liquid Cry stal, 
which has the deformed helical structure. Howexer, 
this display should still cope with subjects such as 
shortage of contrast and display sticking which remain 
unsolved [4,5]. 

An In-Plane Switching mode (IPS mode) 
display dex ice, which drives the nematic liquid cr> stal 
at in-plane electric field, was developed recently. 
Notice of its xride viewing angle as well as the 
FLC/AFLC has been taken [6]. Howc\ er, it brings a 
problem of low light efficiencx* because of lo\^- aperture 
ratio. Therefore, it is pointed out that the IPS mode 
display device is not suitable for portable use because a 
backlight requires high power consumption. 

We focused on the AFLC, more particularly, its 
pretransitional effect in the electric-field-induced AF- 
F phase transition, and have been imestigaling it 
since early 1992. As a result, we haxe developed a 
TLAFLC de\ ice. which shows V-shaped electro-optic 



characteristics without threshold (7.8.9.10]. This 
technique brings up the wide viewing angle, good gray 
scale characteristics without inversion, and high speed 
response \\hich cannot be obtained by other LCD 
techniques. This paper will introduce these 
phenomena and techniques. We confirmed TV 
image displaying with uide xiewing angle by the 
prototype 5.5 inch diagonal full-color display, the 
performance of \A hich \\\\\ be reported. . 



EXPERIMENTAL RESULTS 

Geometn- of the TLAFLC Disolav 

Fig. 1 shows the structure of the TLAFLC cell. 
LC molecules are aligned horizontal to two glass 
substrates whose opposing sides have transparent 
electrode films. The TLAFLC is classified in 
smectic phase ha\ing a layer structure. Each of the 
layers is formed perpendicularly to the glass substrates. 
The cell is set between crossed polarizers, keeping one 
polarizer parallel to the smectic layer normal. 





Fig. 1 Geometr>* of TLAFLC de\ice 

Each of molecules in the TLAFLC tills at a 
regular angle to the smectic layers, and has dipole 
moments which are perpendicular to the long axes of 
the molecules. When the dipole moments are 
oriented in the same direction by an electric field, they 
become spontaneous polarizations.- To discuss the 
molecular arrangements of the TLAFLC, which was 
used in this investigation and the expression condition, 
we made an experiment. First, we measured 
selective reflection wa\c lengths, and obsened 
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conoscopic figures to determine the LC phase of the 
TLAFLC in bulk state. Only a half-pitch selective 
reflection band of the TLAFLC was observed but a 
full-pitch selective reflection band of it was not 
obsened. We observed a conoscopic figure showing 
melatopes which w ere div ided in two having a regular 
between them in the direction that was perpendicular 
to the electric field applying direction. We 
determined from these characteristics that the 
TLAFLC had SmCA* phase. Then, we made 
homogeneously aligned cells of the TLAFLC and 
instable AFLC, the thicknesses of whose LC layers 
were different from each other, and we measured their 
electro-optic characteristics. We also measured a 
relationship among each of the amounts of the 
transmission lights and applied voltage, when a 
triangular electric field of ± 20V and 0.1 Hz was 
applied to the cells. Fig. 2 shows the results. 

Electro-optic characteristic curves of the 
tristable AFLC cells were almost the same even if the 
thicknesses of the LC layers were different. As the 
cell gaps of the TLAFLC cells become narrower 
however, electro-optic characteristic curv'es of the 
TLAFLC cells changed to V-shaped curves. 
Therefore, the area of the instable AFLC is apart from 
interfaces of the TLAFLC cell, whose gaps are large, 
and areas of the TLAFLC are near the interfaces. 



extremely large phase transition pretransiliona I -effect. 
And energ> barriers in the ferroelectric state and the 
antiferroelearic state may be lower than those of the 
tristable AFLC. Therefore, it is considered that the 
molecular arrangement model may take an 
intermediate stale between the orderings A and F in 
which the molecules are not disposed in the same 
plane. Therefore, it is pointed out that the structure 
of the TLAFLC differs from that of the con\ eniional 
tristable AFLC. Under the field free situation, the 
dipole moments are canceled out within two adjacent 
layers, and the average direction of the molecules is 
the same as the direction of the normal line of the 
layer, so that optical dark state ma>* be occured. 
When an electric field is applied, each of the 
molecules is rotated like drawing the com with effects 
caused by spontaneous polarizations and the electric 
field. The average optical axis is changed 
continuously in accordance with the electric field 
strength. This beha\ior is shown in Fig. 3. It can 
be considered from these models that although the 
AFLC having an extremely large prelransitional effect 
behaves like the instable AFLC in the bulk state, the 
AFLC may be transferred to the TLAFLC when it is 
disposed in the homogeneously aligned cell which has 
small gaps. Based on these experimental results. \%e 
interpret that the TLAFLC effect is induced b> an 
interface. 




(c) TLAFLC 

5 ^ m gap 



TLAFLC 
I. 5 It m gap 



Fig. 2 Electro-optic characteristics 

To consider a molecular arrangement model of 
the TLAFLC, we defined the state of liquid cn'stal 
molecules, which are in adjacent two layers and lilt in 
the same direction, as the ferroelectric ordering F, and 
the state of the molecules which lilt in the opposite 
direction to each other as the antiferroelectric ordering 
A. The TLAFLC is characterized in that it has an 
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Fig. 3 Changes in molecule orientation in TLAFLC 
caused by apphing electric field 

TLAFLC material 

The helical pitch of the TLAFLC is over 1 .5 ^ 
m. so that it is considered that the helix is unwound in 
the cell. The average directions of the molecules are 
changed continuously by applying the electric field, so 
that the optical a.xes directions rotate continuously. 
This change in the molecule orientation seems to be 
analog gray scale. 
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It is obvious from Fig. 4 thai the change in the 
molecule orientation is not multidomain which is 
featured in the SSFLC. or the tristable AFLC for 
simple matrix driving. 




Fig. 4 Ivlicroscopic appearance of gray scale in 
TLAFLC 

This figure is reproduced id color on page 1134. 

The TLAFLC device unlike the SSFLC does 
not have bistabilit>\ so thai il must be driven uith 
active matrix method. However, full-color 
displacing with wide viewing angle can be 
accomplished. It shows high speed response because 
the spontaneous polarization is large. Table 1 shows 
the physical properties of the Tl-AFLC which is used 
for the developed proionpe. 

Table 1 Physical properties of the Tl-APLC 

X -30°C Smqf 69t: SmA 80^ Iso 
Spont. polarization 229nC/ci^ 
Cone angle 32° 
Helical pitch 1.5/zni 

The panel preparation and manufacture 
The liquid crystal in the de\ice is aligned by 
apphing a pol>imide alignment film for low pretilt. 
It is known that switching voltage for the AFLC 
greatly depends on the thickness of the alignment film. 
Further, it has been clarified that ihe contrast depends 
on the fiamess of the surface of the alignment film. 
Our experimeni showed that switching \ oliage of a 
cell whose alignment film was 300A thick was about 
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half of a cell \\ hose alignment film was 600A thick. 
Thus, we used 300A thick alignment film. The 
alignment films are formed on both of a substrate on 
which TFTs are formed and a substrate on which a 
color filter is formed. The direction of the normal 
lines of the layers in the cell, which is subjected to 
one-side rubbing, differs slightly from the rubbing 
direction. Therefore, the normal lines of the LC 
layer in the cell, whose both sides are rubbed in the 
same direction, are different from each other. As a 
result, the orientation is disordered, and the contrast is 
degraded. To obtain a cell whose both sides are 
rubbed and which has a good orientation, the direction 
of the rubbing on both substrates were adjusted. The 
\iscosit>* of the smectic LC material is \ ery large, so 
that, the LC was injected in isotropic phase. The 
molecule orientation of the LC was performed at a 
transition point isotropic-smectic A. 

Proionpe Displav 

The TLAFLC device shows electro-optic 
characteristics without hysteresis. Because of this, it 
does not require any reset pulse. Therefore, the 
gray scale of the cell can be controlled with simple 
dri\ing wave forms like those the TN-LCD has. Table 
2 shows the specification of the TLAF-TFT-LCD. Fig. 
5 shows the viewing angle dependence of the TLAF- 
TFTLCD. 

Table 2 Display specification of TLAF-TFT LCD 



Display Area 5. 5inch diagonal 

Electrodo configuration 240X (320X3) 
Scanning tiae per line 60 si s 

Refresh frequency 30Hz 
Driving Voltage ±2.5V 
Contrast ratio >I00 
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Fig. 5 Vie\^ing angle dependence of TLAFLC 
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Fig. 6 Displayed images on TLAF-TFT LCD 
This Ggure is reproduced in color on page 1134. 

Although the contrast of the TLAF-TFT LCD 
in the normal direction was almost the same as that of 
the TN-TFT, the colors of displayed image on the 
TLAF-TFT LCD was not shifted over a satisfied wide 
viewing angle. Refresh frequeno' is 30Hz, at which 
flicker was not observed. No image sticking vias 
observed even if \'ery slow moving images were 
displayed. Because, there is no accumulation of the 
charges caused by impurit>- ions and the spontaneous 
polarizations of the LC at the interface between the LC 
layer and the alignment film. We were able to 
observe that this protot>pe display could display 
mo\ing TV images, and a displayed image hardly had 
a color shift caused by changing of the ^•ie^\^ng angle. 
Fig. 6 (b) shows displayed image at normal angle, and 
Figs. 6 (a) and (c) show displayed images ai difiference 
angles. It can be seen that the display images at 
different directions have no gray scale in\*ersion and 
color shift. 

Conclusion 

This paper introduced a new technolog>* which 
combines the TLAFLC with the TFT technique. 
And we proved that this iechnolog>* brings us the 
extremely \vide \newing angle and good gray scale 
charaaeristics, ^^*hich are not obtained by other LCD 
techniques, by confirming the displayed images on the 
accomplished 5.5 inch diagonal 240X320X3 dots 
prototype display. Subjects must be solved in the 
future are. establishing mass production process 
techniques, enlarging the range of operation 
temperature, developing uses, and the like. 




Acknowledgment 

The authors would like to express appreciation 
to Mitsubishi Gas Chemical Company. Inc. for 
supphing AFLC samples, and to our colleagues for 
dex'eloping the 5.5 inch protot>pe display. 



References 



[1] 


A. Tsuboyama et al.: IDRC Japan Display'92. 




53-56 (1992) 


[2] 


A. Fukuda et al.: J. MATER.. 4 (7). 997-1016 




(1994) 


[3] 


Y. Yamada et al.: SID '95 Digest . 789-792 




(1995) 


W 


A.G.H. Verhulst et al.: Journal of the SID. 3/3 




133-128 (1995) 


[5] 


T. Tanaka el al.; SID '94 Digest. 430-499 




(1994) 


[6] 


M. Oh-e el al.: Asia Display *95. 577-580 




(1995) 


17] 


T. Tanaka Jpn.Kokai Tokk>o Koho JP06. 




194,623 [94.194,623] 


(81 


T. Tanaka Jpn.Kokai Tokk>o Kolio JP06. 




194.626 [94.194.626] 


(9) 


T. Tanaka Jpn.Kokai Tokk\o Koho JP06. 




194.683 [94.194.683] 


(lOJ 


T. Tanaka Jpn.Kokai Tokk>o Koho JP07. 




064.056 [95.064.056] 



